We examined the cumulative prevalences of 22 symptoms thought to reflect immune system function reported in a questionnaire mailed to 7616 Australian twins. The associations between symptoms and demographic variables were expressed in terms of polychoric or polyserial correlations, and a principal components analysis performed. Factors representing underlying propensities respectively to allergic disease, various minor infections, diseases associated with aging such as arthritis, skin disease, and respiratory tract infection were extracted. Possible processes underlying these symptom clusters and the relative strengths and weaknesses of this type of analysis are discussed.
Introduction
Exploratory epidemiological studies often throw up large numbers of possible interassociations between categorical variables which ideally should be looked at in an 'objective' manner. Usually, associations between such variables are expressed in terms of an odds ratio, and in the case of multiple variables can be examined by log-linear modelling or discriminant analysis. These approaches have advantages, but can be unwieldy where relationships between large numbers of variables are to be summarised. In this paper we present a different approach -that of factor analysis of tetrachoric correlations -which is more utilised in the social sciences. We have used this to try and simplify the relationships between the prevalences of 22 common symptoms as reported in a large questionnaire survey of Australian twins, with a view to performing later genetic epidemiological analyses. These symptoms were included in the questionnaire as possibly reflecting different aspects of immune system function.
Model
The threshold model is one of the older models for the analysis of count data. 1 It assumes that a given variable, recorded as a number of categories, in the simplest case present or absent, represents an underlying latent continuous variable (in the psychometric literature often called the response strength). When this latent variable exceeds a given threshold, the indicator or observed variable enters the associated category:
x=0 if x*<t; x=1 if x*³t (1) where x = observed variable; x* = underlying latent variable; t = threshold value estimable from Pr(x = 1). In the multifactorial genetic model, the latent variable is the liability to a disease or trait, and can be shown to correspond to a continuous cumulative risk function rising to unity at the limit. 2 It is thus similar to the concept of frailty or susceptibility used in life table analysis. 3 Relationships between the discrete observed variables are interpreted in terms of equivalent relationships between the (antecedent) continuous latent variables. In the traditional approach, which we have followed in this analysis, the latent variables are assumed to conform to a multivariate Gaussian distribution, an assumption for which some tests are available. 4 More recent extensions to theory allow this assumption to be relaxed, 5, 6 but are computationally demanding.
In the dichotomous case, the proportion affected with a disease is used to estimate the threshold or cut-off z-score on the normal curve between normals and diseased (and its SE). A second trait or disease is then examined in the same way. The concordance of the two diseases in individuals is expressed as a tetrachoric correlation coefficient, that is the maximum likelihood (ML) estimate of the Pearsonian correlation between the two latent variables (under the assumption of bivariate normality). This is estimated by solving: 2 ,r) ( ).
In the case of data where more than two categories are measured, a polychoric correlation (the ML extension of Eq 2) can be estimated, 6, 8 while polyserial correlation coefficients can be derived in cases where one variable is ordinal and the other continuous. An advantage of the case of the polychoric correlation is that the goodness of fit of the threshold model to the observed data is easily tested. The tetrachoric correlation can also be shown to be relatable to other correlation models for the 2x2 table.
9,10
The correlations so calculated can then be examined by conventional (Ordinary Least Squares, OLS) factor analysis, or as alluded to earlier, by various Weighted Least Squares (WLS) or ML approaches. The theory behind factor analysis is considerable, and well covered in standard textbooks, 11 and will not be enlarged on here. However, Muthen, 12 notes that the results obtained by the OLS approach to factor analysis for larger numbers of dichotomous variables are usually similar to those of the GLS approach.
Subjects and Methods
In the period from November 1980 to March 1982 a questionnaire was mailed to the 5967 pairs of twins over the age of 18 years registered with the Australian National Health and Medical Research Council Twin Registry. These pairs were volunteers who had been recruited through schools, community groups and by media advertising throughout Australia. Of this group, 3808 twin pairs returned completed questionnaires (a pairwise response rate of 64%). There was an individual response rate of 75%, suggesting little concordance for non-response.
The questionnaire was lengthy and included items on age, sex, zygosity, birth order, tobacco use, psychological traits, and a number of physical and psychiatric symptoms. Zygosity of twins was diagnosed by response to two items, supplemented in ambiguous cases by examination of photographs Factor analysis of immune related symptoms DL Duffy et al 72 sent in by the twins. This method has been shown to be at least 95% accurate in several other studies. 13, 14 For the present analysis of intra-individual phenotypic associations, we have ignored the genetic relatedness of the twins, except as a convenient method to split the sample to examine the reliability of the factors generated.
The physical symptom checklist was prefaced: 'How OFTEN have you had any of the following?' and included 22 diagnoses and symptoms such as 'Hay fever', 'Asthma or wheezing', 'Stiff joints'. Responses fell into four categories: 'Never', 'Only as a child', 'Rarely', 'Quite often'. For the purposes of the present analysis, these last three responses have been combined into 'Ever' versus 'Never'. As a number of subjects had left occasional items from the checklist blank, the overall response to the 22 item physical symptom checklist was examined. This revealed that only 19/7616 individuals had left the table entirely uncompleted and that many respondents had only filled out the positive items that referred to them and left the remainder blank. It was therefore decided to score all blank responses as 'Never'. As a check, prevalences and correlations including the blanks as 'Never' and then as missing values were calculated. Only small differences were found.
Tobacco use is included as a dichotomous variable -ever smoked versus never smoked. Frequency of alcohol consumption is entered as a seven point scale: (1) every day; (2) 3-4 times per week; (3) twice a week; (4) once a week; (5) once or twice a month; (6) less frequently; and (7) never.
In addition to physical symptoms, we also examined scores from the seven item depression and anxiety subscales of the Delusions-SymptomsStates Inventory, 15 and the Neuroticism scale of the Eysenck Personality Questionnaire. 16 Highest educational achievement was also included and was measured on a seven point scale. Surprisingly, these were not significantly associated with reporting of any of the physical symptoms, and have not been included in the analyses presented.
Polychoric/polyserial correlation matrices were generated using the program PRELIS 6 (see Table 1 ), and then an OLS principal components analysis (PCA) was performed using SPSS Factor 17 to extract the components and perform a varimax rotation. We chose PCA because of its ease of interpretation. Initial analyses were done on the complete sample including sex and age as variables. Subsequently the sexes were analysed separately, and then split samples containing the first born twins or second born twins. The degree of similarity of the loadings 
Results

Prevalences
The lifetime prevalences for the physical symptoms and diseases are listed in Table 2 and Table 3 . A number of these items exhibit a roughly constant lifetime prevalence across the different age strata under 65 years of age -that is most individuals who report these symptoms have experienced them by the age of 18 years. The drop-off in reporting in the over-65 age group of a number of conditions might represent mortality due to specific conditions, poor recall or secular trend. The 2:1 predominance of females over males is a common feature of volunteer twin studies. 18 
Principal components analysis
The factor loadings for females are presented in Table 4 and for males in Table 5 . These are fairly consistent across the sexes, with the most important factor representing atopy or allergy related illnesses such as asthma. Reported bronchitis are associated with this factor but pneumonia only weakly associated.
The second factor (in order of eigenvalue size) seems to represent vulnerability to infection, particularly viral illness. Though orthogonal (uncorrelated) to the 'atopy' component, it is also associated with reported bronchitis. The third factor is associated with increasing age, arthritis, and pneumonia, and seems to represent the diseases of aging. It is interesting to note that the signs and magnitudes of the loadings on this component reflect the trends in age-specific cumulative prevalences of the particular items.
In females, the fourth factor extracted seems to embody a separate susceptibility to respiratory tract infection. The fifth factor represents a variety of skin diseases. The sixth factor represents the association between tobacco and alcohol consumption. It is weakly associated with reporting ever suffering bronchitis.
Looking at the responses from the male subjects, we find the same first six factors, with a slightly changed order. Specific points to note are that cigarette smoking is associated with the diseases of aging, while age now crossloads on to the specific respiratory tract infection factor. Examination of the congruency coefficients derived from the split sample analyses confirms these conclusions about the 
Discussion
The principal components derived in this analysis seemed to be consistent across different groups, and are easily interpreted in terms of various clinical entities. The first component represents allergic disease. Its pattern of loadings suggest that reported allergy to dust and hayfever seem to be the most specific single items associated with atopy in this Australian group compared with asthma for example (a finding consistent with genetic studies 19 ). Selfreported eczema (not operationally defined in the questionnaire) is only weakly correlated with this component, suggesting that a broad interpretation of this term was made by the respondents. Bronchitis was correlated with the other items on this component, but presumably mainly via asthma as an intervening variable. This conclusion is supported by the fact that asthma and bronchitis loaded together on to a later component that seemed to represent lower respiratory tract disease.
The second major component is interpretable as a vulnerability to a number of minor infections. The loadings on this component imply that individuals reporting ever suffering a sore throat (over 80% of the group) are more likely to report headache, bronchitis, warts and so on. This may represent a group of younger, more educated subjects that better recall such common conditions. But, as mentioned earlier, the reporting of any symptoms was not significantly associated with any of the personality measures examined (loading on this component for anxiety score, -0.02; for depression score, -0.03; and for EPQ Neuroticism, 0.06), or with sex. Even smoking was not strongly correlated with reporting of any these conditions (with the exception of bronchitis). A biological hypothesis for this component might be that individuals at the lower end of the population distribution of immunological variables such as secretory IgA 20, 21 or IgG subclass levels 22 will suffer from an excess of all the conditions seen The third component represents a number of conditions that one normally associates with increasing age, principally arthritis. In the males, the loading for age itself on this component is smaller than for the females, because of the crossloading on to the respiratory disease factor.
The later components vary in (eigenvalue) size across the sexes. Smoking and alcohol use are usually strongly associated in individuals, and appear as a single factor, which as noted earlier, is not strongly correlated with the presence of particular symptoms in females (with the exception of bronchitis), though it may of course have some effect on frequency or severity, not measured in this analysis. In males, who smoked more heavily, and increasingly so with age, there is the previously mentioned crossloading of age and smoking. All respiratory diseases tended to be interrelated. The factor representing skin diseases reflects a tendency for individuals to report more than one such problem. This may be due, as suggested above for eczema and allergy, to a lack of specificity in these items.
An extension of these conclusions that is usually made in the psychometric literature is that the associated item factor scores can then be used to form a scale that measures the underlying latent variable, such as 'atopy' or 'immune competency', and this compound score entered into later analyses. These analyses might include validating the scale using other measures of the same variable, whether physiological ones such as serum IgE, or hospital recorded diagnoses; it may involve using the scale score as a ('better') predictor for disease.
The usual (quasi-empirical) criteria for deciding the number of components in PCA are less helpful in the case of tetrachoric correlations. Small tetrachoric correlations equivalent to small odds ratios may nevertheless be clinically significant if the variables are common enough in the population. A notable Boxed data represents the largest loadings on each component (** denotes other loadings explaining > 10% of variance; * denotes loadings explaining > 5% of variance).
Factor analysis of immune related symptoms
DL Duffy et alexample in this dataset is the magnitude of the correlation between smoking, asthma and bronchitis. However, the patterns of loadings are useful in formulating hypotheses that can be examined in more detail using other modelling techniques.
In conclusion, we have uncovered a number of broad structures in the relationships between these common symptoms which seem mostly to correspond to medically recognised entities such as atopy. In addition, the relationship between resistance to a variety of types of reported minor infections in an individual might represent a global factor of immune function that warrants further study.
